Since the USA Telecommunications Act of 1996, the regulatory frameworks, have led to the requirement of different policy practices in many countries across the world in order to establish sustainable competition in whole telecommunication markets. These regulatory reforms are the privatization of the telecom historical integrated monopoly (the incumbent), the independency of the regulatory authority, the obligation of transparency of the access price and agreements & the unbundling, the separation and the access pricing policies. This paper suggests an empirical investigation on both the individual, and the global impacts of these different regulatory policy practices on broadband deployment. To this end, we construct a panel data covering 107 developed and developing countries over the period of eight years from 2004 to 2011. Using the Instrumental variables (IV) & the Generalized Method of Moments (GMM) with fixed effects and robust to heteroskedastic and autocorrelated errors, we show that the relationship between regulation and broadband investment is an inverted U shape in developed world while it takes a U form in developing countries. This means that in developed countries, a less restrictive regulatory policy spurs broadband deployment while more stringent policy discourages innovation in telecom industry. However, in the developing countries, the regulation has a strict negative impact on broadband deployment.
Introduction
The apparition of the technologies of the digitalization at the beginning of 1990s has led to the emergence of platforms with high capacities of data transmission (the broadband technologies) (ITU 2012) . Compared to the traditional infrastructure technologies (copper telephone lines),the fixed broadband platforms (the fiber optic and the digital subscriber lines DSL), as well as, the mobile broadband technologies (satellite, Third and Fourth Generation mobile 3G & 4G) allow users to access to various voice and data services with high qualities 1 (Fornefeld, Delaunay and Elixmann 2008) . Economic literature (see for e.g., Yongsoo, Tim and Siddhartha 2010; Qiang and Rossotto 2009; Koutroumpis 2009 ) shows evidence about the increasing role of the investment in these advanced telecommunication infrastructures (broadband technologies) in driving growth, employment and economic development.
Fixed broadband infrastructures provide better quality of services but their diffusion is still relatively limited compared to mobile broadband technologies (Kumar 2012) . The number of mobile broadband subscriptions is about three times greater than the number of fixed broadband subscriptions in 2013 (ITU 2014) . The large costs of fixed infrastructure investment explain the slow diffusion and the tardiness of market developments of fixed telecommunication technologies compared to mobile ones.
The large amounts of investments required to build these fixed network lines (the local loop) have constituted crucial barriers to entry into telecommunication markets, and thereby; justify the dominance of the monopoly structure in the past, as well as, the difficulty that the policy makers (governments, regulators) actually faces to establish sustainable competition in the fixed telecommunication market segments in order to let consumers benefit from diversities in service qualities and cost reductions resulting from technology progress.
During the last two decades, the regulation has played a major role to force the transition toward competition telecommunication markets through mandating the policy reforms suggested by 1996 Act that lead to the World Trade Organization (WTO) Reference Paper in 1998. WTO Reference Paper is a "global consensus" or Agreement on Basic Telecommunications (BTA), that countries members or aiming at became members of WTO should follow (Guermazi 2004; David 1997; ITU 2013) . It contains a number of guidelines, which aim at ensuring the world wide connectivity through promoting liberalization and competition in telecommunication markets by requiring rules that permit to avoid anticompetitive behaviors (Cowhey and Klimenko 2001) .
Four major topics and principles are included in the BTA 2 that policy makers should follow to construct their regulatory frameworks, among that:
-The obligation to countries members to establish an independent national regulatory authority (NRA), that must be independent from government and ministries and exercise their responsibilities in entire autonomy.
-The obligation to regulate the use in efficient and equitably manner the scarce resources by different operators.
-The obligation of provision of universal services by incumbent firm (the historical integrated monopoly) to end-users of new entrants having the same characteristics (quality, etc.) that those offered to incumbent's end-users.
-The obligation of the "Major Supplier" (usually the historical integrated monopoly) to offer access to their network infrastructure facilities (interconnection) at non-discriminatory conditions (nondiscriminatory principle) and to publish these interconnection offers (principle of transparency). The As regards to the global issue of the regulation on broadband deployment, we obtain an original finding: the relationship between regulation and broadband deployment is an inverted U shape in developed world while it takes a U form in developing countries. These results mean that in the developing countries, a low level of regulation fosters broadband deployment while a restrictive regulatory policy impedes investment in broadband infrastructures. However, in developing countries, regulation undermines investment in broadband infrastructures. The differences in issues of regulation on telecom innovation between developed and developing countries may be due to the fact that in general, the existent fixed infrastructures in poor countries are not already sufficiently developed compared to those in more reach world.
Related previous empirical studies, Friederiszick, Grajek and Röller (2008) , Grajek and Röller (2012) and Bauer and Shim (2012) are limited to investigate the issues of global effect of regulation in the case of developed world (European, OECD countries, USA, Japan), and find a strict negative impact of regulation on investment. Compared to our current empirical study, Friederiszick, Grajek and Röller (2008) , Grajek and Röller (2012) do not take into account the non-linearity of the regulation-investment relationship while Bauer and Shim (2012) do not consider the heteroskedastic and autocorrelated errors, which are frequent problem in data. .
Concerning the individual and the join effects of the regulatory reforms, our results provide more support for the inverted U shape relationship. In particular, our findings show that requiring an extensive unbundling policy (sub-loop access) or the most stringent separation policies (operational, functional or structural separation) undermines broadband investment while a less intensive unbundling (full unbundling or bitstream) or a moderate separation policy (accounting separation) increases broadband deployment. As regards to the impact of access price regulation, our results show that the higher the intensity of the control of access price, the lower the broadband deployment. In particular, in the absence of access price regulation (no control), the broadband deployment is the [5] highest. A moderate access pricing regime that offer certain access margin for incumbent firm such that the price cap or the retail minus regulation permits to reach better results in term of telecom innovation than adopting stringent access policies (the cost-based models such as LRIC or FDC). Most of these results about the issues of the individual reforms confirm both the results of previous empirical and theoretical works.
Our results on inverted U shape relationship between regulation and broadband deployment support the recent findings of researches on the linkage between competition and innovation. In particular, Heimeshoff (2007) and Briglauer, Ecker and Gugler (2013) find a closest result, an inverted U shape between competition and telecom investment by using measurement of competition (market share of incumbent firm, etc. This is not surprising. Indeed, the relationship between competition and regulation is positive because the integrality of regulatory reforms aim at reducing the market power and the discriminatory behaviors of the dominant operator (the incumbent), and therefore; promoting competition.
We find a further support for our results on inverted U shape between regulation and investment in broadband infrastructures for developed world in the theoretical and empirical economic literature that investigate the linkage between competition and innovation in a general context (see Aghion et al. 2005; Innui, Kawakami and Miyagawa 2008; Hashmi 2011; Aghion, Akcigit and Howitt 2013; Goettler and Gordon 2014) . Aghion et al. (2005) and Aghion, Akcigit and Howitt (2013) interpret the overall effect (the inverted U-shape) as the "composition effect" of the two opposite traditional extreme effects of competition, Escape versus Schumpeterian effects. In particular, the increasing part of the U-curve that depicts the competition-innovation relationship represents the escape effect of competition, under which rivals are assumed escaping from competition by innovation to restore a part of their historical monopoly profits and therefore innovation is fostered for relatively low degree of competition. After a given certain level of competition (saturation point), the Schumpeterian effect will dominate because for relatively high degree of competition, rents earned from innovation are not sufficiently high to cover the costs of investment incurred by firms. Therefore, as regards to telecom context, our results can be interpreted as follows: for low degree of regulation (therefore low degree of competition), infrastructure owner escapes from competition by innovation (escape effect). After certain level of regulation, and thereby competition; infrastructure owners' profits earned from broadband deployment cannot cover the costs of investment because the high level of competition resulting from severe access regulation policy yields on decreasing retail sales of infrastructure owners by reducing final prices (the Schumpeterian effect). We also find a support for our results of the U form between regulation and broadband deployment in developing countries in the findings of the theoretical growth model provided by Sacco and Schmutzier (2011) which demonstrates that this inverted U-shape relationship between competition and innovation is only conceivable when firm that invests in cost reduction is more efficient than its rivals. However, this relation is negative when firm that invests is less efficient than its competitors. Indeed, in the particular case of the telecom context, facts show that the incumbents in poor countries are generally less efficient than foreign entrants.
We show further that both the Gross Domestic product (the GDP) and the population size contribute to explain broadband deployment. In particular, we find that a 10% increase in GDP per capita (population size) leads to an average increase of broadband deployment by around 14% (12.1%). This result confirms most previous empirical studies.
The rest of this paper is organized as follows. In section 2, we provide the data description and the statistical analysis. In section 3, we present our empirical model. In section 4, we discuss our econometric methodologies and results. In section 5, we conclude and provide our policy recommendations.
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Data and Statistique Analysis
Dataset used in this study is an annual unbalanced micro-panel composed from about 107 countries 4 covering a period of eight years from 2004 to 2011. Data are collected from various public sources including the databases of the International Telecommunication Union (ITU) (ITU World Telecommunication ICT indicators 2011 5 and ITU regulatory database 2012), the World Bank (WB) database, the OECD Communication Outlooks frm 2004 to 2011, and the Plaut Economics Regulation data constructed by Zenhäeusern et al. (2007 6 . We also update data telecom performance from the web site of ITU and complete regulatory reform data from international, regional and national reports mainly come from ITU, OECD, European Commission (EC), European Investment Bank (EIB), European Mediterranean Regulators Group (EMRG), body of the European Regulators for Electronics Communications (BEREC) and regulatory authority web sites of different countries 7 .
Variables
We classify variables used in this study into four groups: (1) The telecom performances indicator (the dependent variable) (2) the regulation reform measurements (the variables of interest) (3) the control and instrumental variables 8 and (4) dummies for various country classifications. Table 1 provides a summary of variable definitions sources and construction. The descriptive statistics for these variables are reported in the table A/ the Appendix. 5 We are thankful to ITU for sending this database. 6 We are grateful to Patrick Zenhäeusern for sending these data. 7 Further details about our data source can be obtained by addressing a request to the author. 8 Instrumental variables are a variables used in estimations. Further details about these variables are provided in the next section of this current study. High income: Non OECD (WB) Dummy that is equal to one if the country in a given year is classed as high income (developed) country by the WB and it is not a member of OECD, and zero otherwise.
WB & OECD classifications
High income: OECD (WB) Dummy that is equal to one if the country in a given year is classed as high income (developed) country by the WB and it is a member of OECD, and zero otherwise.
Europe & Central Asia (WB)
Dummy that is equal to one if the country in ECA region is classed as developing country by the WB and zero otherwise.
Middle East & North Africa (WB)
Dummy that is equal to one if the country in MENA region is classed as developing country by the WB and zero otherwise.
Latin America & Caribbean (WB)
Dummy that is equal to one if the country in LAC region is classed as developing country by the WB and zero otherwise.
East Asia & Pacific (WB)
Dummy that is equal to one if the country in EAP region is classed as developing country by the WB and zero otherwise.
Sub-Saharan Africa (WB)
Dummy that is equal to one if the country in SSA region is classed as developing country by the WB and zero otherwise.
South Asia (WB)
Dummy that is equal to one if the country in SA region is classed as developing country by the WB and zero otherwise.
OPEP
Dummy that is equal to one if the country in a given year is member of OPEP and zero otherwise.
OPEP classification 3 Non-OECD
Dummy that is equal to one if the country in a given year is not a member of OECD and zero otherwise.
OECD classification 4 Non-EU countries
Dummy that is equal to one if the country in a given year is not a member of EU and zero otherwise.
EU classification 5 Developing countries (IMF)
Dummy that is equal to one if the country in a given year is Considered as developing country by the IMF and zero otherwise.
IMF classification
6 Developing countries (UN) Dummy that is equal to one if the country in a given year is Considered as developing country by the UN and zero otherwise.
UN classification 7
High income (WB) Dummy that is equal to one if the country in a given year is Considered as high income country by the WB and zero otherwise.
WB classification
Upper-Middle income (WB) Dummy that is equal to one if the country in a given year is Considered as upper-middle income country by the WB and zero otherwise.
Low-Middle-income (WB)
Dummy that is equal to one if the country in a given year is Considered as low-middle income country by the WB and zero otherwise.
Low-income (WB)
Dummy that is equal to one if the country in a given year is Considered as low income country by the WB and zero otherwise.
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Comparative statistical analysis
In this paragraph, we provide a comparative statistical analysis for the evolution of broadband subscriptions (the dependent variable) and the overall and the entry regulation measurements (the main variables of interest) across the world using appropriate graphs and considering the international and regional country classifications.
The evolution of fixed broadband subscription across the world
The fixed (wired) broadband Internet subscriptions measures total Internet connection subscriptions at high downstream speeds (i.e. superior or equal to 256 kbit/s) via fixed Internet technologies (cable modem, Digital Subscriber Line (DSL), fiber-to-the home/building, etc.) 9 . Otherwise, this indicator measures total demand for high 10 quality Internet connection (retail service) addressed to all operators (incumbent and entrants) in a given country during a given year. Recently, most studies consider this indicator as the best proxy of innovation in telecom industry (see for e.g., Wallsten (2006) , Badran, EL Sherbini and Ragab (2007) , Waverman et al. (2007) , Cambini and Jiang (2009), Bouckaert, Dijk and Verboven (2010) , Bauer and Shim (2012) and Gruber and Koutroumpis (2012) ). The explanations of the popularity of this measure are the following: (1) This measure is easy to obtain by regulatory national authorities in comparison with other measures (specially the investment in telecom services 11 ). (2) This indicator is well relevant to explain investment in high quality infrastructures (fiber-to-home, etc.).
Line charts provided in figure1 illustrates evolution of the total broadband subscriptions per 100 people in different countries of our dataset over the period from 2004 to 2011. Basing on both the WB & the OECD country classifications, high income countries are dived into categories: the OECD and the NON-OECD countries while developing countries are grouped by region.
Graphs show significant differences between groups of countries, ranging from below 0.8% in Sub-Saharan Africa to 5.17% in Middle East and North Africa, 6.37% in South Asia, 11.62% in East Asia and Pacific, 13.82% in Latin America and Caribbean, and 71.61% in high income countries. Line charts also depict that penetration broadband rate in developing countries has increased slowly than in high income countries between 2004 and 2011.In general, it seems from this that penetration rate is positively affected by income level. Horizontal bar charts (Figure A/Appendix) 12 , that present penetration rates from 2004 to 2011 respectively for high, upper-middle, low-middle and low income countries, are more convenient to illustrate the strong link between income level and broadband penetration rate. In particular, fixed broadband subscriptions per 100 people is below 0.7% in low income countries and 8% in low middle income countries while rates reach more than 22% in some upper-middle income countries and 40% in some high-income countries. However, some exceptions appear clearly when considering bar charts for high and upper-middle income countries. In particular, penetration rates are low for some high income countries such that Saudi Arabia (below 5.62%), Oman (below 1.85%), Brunei Darussalam (below 5.72%) while rates are high for some upper-middle income countries such that Lithuania (more than 22.13%), Latvia (about 20.39%), Bulgaria (roughly 16.44%) and Belarus (around 21.939%). This implies that income level is not the sole determinant of broadband deployment. 9 This definition is re-formulated using the note for this indicator (n°I4213TFB) given by ITU World Telecommunication ICT indicators 2011. 10 Broadband Internet is considered as substitute for traditional access service (dial-up access) because it permit to consumers to access to high quality retail service (i.e. higher speeds and other features such that facilitating of the use) (Sutherland 2007) . 11 Generally, the infrastructure owners (in most cases, the incumbent, the operator with Significant Market Power (SMP) do not give its real cost of investment. 12 For space, certain figures and tables are reported in the Appendices.
[9] 
The measurements and the evolution of the regulation
There are two ways to enter the telecom markets: (1) the service-based entry, in which entrants provide their end-user services using the existent facilities of the historical integrated monopoly (the incumbent), and (2) the facility based entry, in which entrants provide their services using their own network infrastructures. As the facilities-based competition is not generally easy to introduce because infrastructure duplications are costly and sometimes not economically efficient 13 , regulators in majority of countries are turn on ensuring services-based competition through requiring some obligations to incumbent in order to limit the scope of its market power and thereby, prevent its discriminatory behaviors and therefore, ensure and promote competition. In particular, Entrants are permitted to share the incumbent's facilities through requiring access technical policies (certain forms of unbundling or infrastructure sharing) against a regulated access price.
The classification and the measurements of the regulatory reforms:
Access regulation policies including various access pricing, unbundling and separation policies can be ranged from the weakest to the strongest regulation required to the dominant operator (the incumbent). A strongest regulation results in more competition since it reduces the market power and discriminatory behavior of the dominant operator and vice versa.
-The cost-based pricing models such as the long Run Incremental costs (LRIC) which is based on the current costs of infrastructure building and the fully distributed cost (FDC), which is based on the historical infrastructure costs, do not permit to incumbent to earn sufficient mark up over the marginal cost of access service provision and therefore, these access pricing models should permit more competition compared to the non-cost based access pricing policies such as the retail minus, price cap and international benchmark which permit to incumbent to earn non negative profits from its access activities. Figure 2 provides a classification of access pricing policies from the weakest to strongest basing on and Mihevc (2010) .
Figure 2: Access pricing policy levels
Source: author -A Severe unbundling requirement (the sub-loop unbundling) that leads to more technical obligations to incumbent against more advantages for entrant relatively to more moderate forms of unbundling (full local loop unbundling, line sharing, bitstream) permits to increase competition. Following Wallsten 2006 and OECD (2003 a) , we classify the unbundling policy with respect to intensity of regulation required to incumbent as illustrated in figure 3: 
Regulatory intensity

[11] -Partner and Lawyer (2011); Cave (2006) ; Malcolm (2008); OECD (2003 OECD ( b, 2006 , 2011 a) classify separation policies as follows: The full structural separation, which consists to prohibit the incumbent to provide end-users services, is considered the strongest form of separation required to incumbent because it reduces sensibly its market power by limiting the scope of its activity in providing access to rivals. The forms of separations (functional or operational separation) that require to incumbent firm to separate its retail activities from the wholesale business (providing access services to rivals) by creating divisions in its own integrated company are considered a moderate form of separation compared to the full structural. The lowest form of separation is the requirement of separation of accounts (accounting separation). Figure 4 summarizes this classification.
Figure 4: Separation policy levels
Source: author Although the differences in the definitions of these various forms of separation, regulatory reports usually confuse the following models of separation: structural, functional & operational. Therefore, we use a sole binary variable (that we call functional separation) to measure the requirement of one of these three form of separation in a given country to a given year (see table 1 ).
We compute the other measurements of regulatory reforms used in this study as descripted in table 1. The aggregated measurements proxy the intensity of regulation in a given country for a given year: the higher the value of these measures, the higher the intensity of regulation and vice versa. These measures therefore can be seen as indirect measurements of intensity of competition in telecom market since these regulatory reforms are required to incumbent in order to reduce their market power and discriminatory behaviors against their rivals.
This current study consider both the aggregated measures (overall regulation, interconnection market transparency and entry regulation) and the disaggregated measures (accounting separation , functional separation, infrastructure sharing, full LLU, bitstream, sub-loop, interconnection regime, transparency of interconnection agreements, transparency of Interconnection price, status Incumbent and regulatory autonomous decision of regulation, which are binary variables that take a value of 1 of the corresponding reform is required; see table 1). This is another important contribution of this study relatively to earlier studies. The previous studies have limited to study the issues of some individuals reforms: impact of access price regulation (e.g., Chang, Koski and Majumdar 2003; Distaso, Lupi and Maneuti 2005; Waverman et al. 2007; Seo and Shin 2011) , the unbundling policies issues (e.g., Grosso 2006; Wallsten 2006; Baccache, Brourreau and Gaudin 2013; Nardatto, Valleti and Verboven 2014), or the separation policies effects (e.g., Viani 2006; Bruno 2012) . At our knowledge, only the studies of Friederiszick, Grajek and Röller (2008) , Grajek and Röller (2012) and Bauer and Shim (2012) have investigated the global effects of regulation using the index computed by Zenhäeusern et al. (2007 ) but they do not investigate the individual impact of each reform. Further, in our knowledge, the integrality of these studies have studied the impacts of regulation on investment in telecommunication infrastructures in the case of developed countries (European or OECD countries) but not the case of developing countries, except the studies of Martha (2005) and Gruber and Koutroumpis (2012) which only investigate the effects of unbundling policies in the case of both developed and developing world. According to our researches, there is no study that investigates the impacts of separation and access price regulation in developing countries.
Ownership (or structural separation)
Functional separation
Operational separation
Accounting separation
Regulatory intensity
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The evolution of regulatory intensity across countries over the world
In this paragraph, we compare and discuss using some graphs the evolution of the regulation intensity across countries included in our panel. It appears from the first bar charts (see Graph1/ Figure  5 ) that the regulation intensity is on average increasing in income level. Precisely, the high income countries have on average the highest regulation intensity. They are followed in the second rang by the upper-middle income countries, then the low-middle income and finally by the low income countries. This result is not surprising. In fact, implementation of regulation reforms such that unbundling, accounting and others types of separation and cost-based pricing or LRIC models is costly. 14 The second bar charts (Graph2/ Figure 5) show that high income countries that are members of OECD are on average the highest regulation intensity. This result is also illustrated by bar charts in graph3. This outcome is consistent with the role of OECD in promoting telecom regulation policies to ensure competition and to promote broadband roll out. This may be also due to the recent extensive telecom regulatory frameworks of European Union since the majority of countries members of OECD are also members of EU. Graph4 illustrates this issue. However, it seems from Graph 5 that be member of OPEC has no effect in terms of telecom regulation. In fact, the role of OPEC is limited to strategies that concerns exportation of petrol. OPEC countries such Saudi Arabia and Oman have high income but both low telecom performances and low regulation intensity. This implies that in addition to income level, other factors may have an important role in development of telecom industry. These factors can be summarized in development level of a given country. However, as noted above in paragraph 2.1 the World Bank classifies high income countries level as developed. This is not the cases of other world organizations such that IMF and UN. Graphs 6 and 7 in Figure 5 supports this intuition that the development level of a country, that can incorporate factors related to human resources such that the level of education and political system in a given country that may be also important determinants of regulatory policy introduction. According to OECD (2005) , high quality staff of regulators ensures high telecom quality regulation. In addition, political environment in a given country (political stability, absence of Violence/Terrorism, global regulatory quality, rule of Law, control of Corruption, freedom of expression, association and media etc.) guarantees the dependency of regulatory authorities, that is necessary to achieve telecom regulation goals consisting on improvement of market transparency, effective competition and high quality of telecom services 15 . For example, we think that the high regulation intensity in MENA countries (see Graph 4/ Figure  B /Appendix) is due to political choice that permits high degree of open (especially relations with Europe). The best illustration is Tunisia that introduced unbundling policies, accounting separation and cost-oriented models for interconnection charges since 2008. The staff of regulation may also explain the high regulation intensity in Tunisia (see Graphs 2 and 3 in Figure C/Appendix, which illustrate evolution of regulation measures by country).
14 For example, introducing accounting separation reform implies "adaptation costs for existent accounting systems" 14 . Also implementing operational, functional or structural separation implies costs of creation of new divisions, units or subsidiaries (costs of construction, costs of introduction of new financial, management, information and legal systems, costs of recruitment of new staffs, costs of buying of new equipment (software or hardware). For example, applying the full structural separation in 2003 to incumbent firm (Telstra) in Australia implies important fixed costs that are estimated to reach about USD 1.9 billion and annual additional costs of about USD 76 million 14 and costs of functional separation of British Telecom in United Kingdom reached GBP 70 million in 2006 (Malcolm 2008) . The implementation of the full LLU also implies costs such as those related to the maintenance of the copper pair, security, installations of equipment, etc. (OECD 2003 a). Introducing LRIC models also require estimating costs incurred by the incumbent and collecting data about demand for the telecom services, which implies important information costs for regulator. In general, application of the cost-based access pricing is very costly (Malcolm 2008) . 15 Several empirical studies consider that political variables are important determinants of regulation in telecom industry. We cite, for example, Djiofack-Zebaze and Keck (2009), Friederiszick, Grajek and Röller (2008) , Grajek and Röller (2012) , Gruber and Koutroumpis (2012) and Bauer and Shim (2012) . We will discuss later this relation between global political system and telecom regulation later.
[13] 3 The empirical benchmark model
Following previous empirical studies, telecom performances are a function of regulation reform measurements and a set of control variables: Furthermore, our specifications account for the following considerations:
(1) The cross-country effect: Baltagi (2005) notes that Panel Data have the advantage to control for individual heterogeneity and "give more informative data, more variability, less collinearity among the variables, more degrees of freedom and more efficiency". Ignoring individual heterogeneity often leads to biased results 16 . Therefore, we include dummies for countries to take into account individual fixed effects.
(2) Temporal effect: Telecom performance indicators vary over time for each country. Then, we introduce year dummy variables to take into account the presence of time effects.
(3) Linearity of the relation: Several empirical papers show that the relationship between regulation reforms and telecom performances is non-linear. Therefore, we introduce a non-linear component. In line with previous empirical studies such that Heimeshoff (2007) and Bauer and Shim (2012) , we assume that this nonlinear component corresponds to the squared of the regulation reform measure.
(4) Dynamic nature of telecom investment (broadband deployment)
In line with number of empirical studies such that Heimeshoff (2007), Friederiszick, Grajek and Röller (2008) , Bouckaert, Dijk and Verboven (2010) , Bauer and Shim (2012) and Baccache, Brourreau and Gaudin (2013), we also consider the long term (dynamic) effect of investment in telecom infrastructure (broadband deployment proxy by broadband penetration) by including lagged dependent variable in the model. In consequence, our empirical benchmark model takes finally the following general form:
(4.1) is the telecom performance indicator in country i at year t expressed in natural logarithm 17 . It represents a proxy of telecom performances, which are the fixed broadband subscriptions.
is a vector of regulation measurements. This may correspond to one or more regulation reform measurements (interconnection regime, accounting separation, functional separation, infrastructure sharing, full LLU, bitstream access, sub-loop access, transparency of interconnection agreements, transparency of interconnection price) or one or more aggregate regulation measurements (overall regulation, entry regulation, transparency of interconnection terms) plus square terms (square of these aggregate measurements or square of interconnection regime).
is the lagged dependent variable (by one year).
is a vector of control variables that capture the impact of other determinants of telecom performance, which are the per capita GDP and the population size expressed in natural logarithm. The error terms , and capture respectively time fixed effects (fixed effect for each year t), country fixed effects (fixed effect for each country i 18 and variation of telecom performances that is not explicitly included in the model. is the intercept. The vector of parameters measures the impact of regulation reforms on telecom performance. The vector of parameters measures the contribution of control variables in explication of telecom performance variation. 16 See Baltagi (2005, pp.18-19) . 17 The choice of the natural logarithm transformations for our continuous variables is to prevent possibly stationary series and normality data problems. Friederiszick, Grajek and Röller (2008) and Grajek and Röller (2012) make this transformation for the same purpose. 18 , are dumy variables taking value 1 for respectively year t and country i. We drop one of country-specific effects (e.g., and one of time-specific effects (e.g., , to avoid perfect collinearity (Greene 2002, see p.291 and p.118).
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The Econometric methodology
Empirical studies reach opposite conclusions about regulation-telecom performances relationship. Econometric techniques may be one of the major factor that affect results and conclusions. Therefore, we use usual estimators including the simple Ordinary Least Squares (OLS) and the fixed effects (FE) estimator as well as the Instrumental Variables (IV) and Generalized Methods of Moments (GMM) that overcome several problems that characterize data. In particular, we proceed as follows. After checking and discussing the possibly multi-collinearity problem between the explanatory variables used in this study, we begin by applying series of regressions using Ordinary Least Squares (OLS) method. Performing a number of tests 19 , we conclude that we should take into account fixed effects and control for heteroskedasticity and autocorrelation of error terms. We deal with these problems by using robust fixed effects models with cluster on countries (robust FE with clusters). Analyzing results obtained by both OLS and robust FE with clusters, we conclude that these estimators not yield consistent estimates 20 . According to Baltagi (2005) , both OLS and FE yield biased results in the case of dynamic specifications. Further, these usual estimators do not control for the reverse causality between regulation and telecom performance, omitted explanatory variables and errors of measurements of variables. A number of empirical works (e.g., Alesina et al. 2005; Distaso, Lupi, and Maneuti 2005; Waverman et al. 2007; Friederiszick, Grajek and Röller 2008; Li 2008; Djiofack-Zebaze and Keck 2009; Bauer and Shim 2012; Grajek and Röller 2012; Gruber and Koutroumpis 2012; Baccache, Bourreau, and Gaudin 2013; Briglauer, Ecker, and Gugler 2013; Nardatto, Valleti and Verboven 2014) point out on the existence of two types of problems when analyzing the impact of regulation (or competition) on telecom innovation :
(1) The reverse or simultaneous causality between regulation and innovation: In fact, telecom performances including broadband deployment or subscriptions, affect regulatory decisions. In a given country, the regulator decides appropriate regulation reforms following the characteristic of the existent national telecom markets (level of competition, level of investment, prices ...). For example, in the United States where telecom markets show sufficient competition, the strategic of regulator seem seeking to reduce reforms required to significant market power operators (incumbent firm) over time in order to encourage more investments in NGNs. In contrast, in Europe where the facts (prices, technology subscriptions, market shares..) show that traditional telecom monopoly has yet a significant market power, the regulators focus on promoting service-based competition by requiring more reforms to incumbent firms.
(2) The omitted regulatory variables: In fact, the collect of precise and complete information about telecom regulatory reforms and the construction of relevant measurements for these qualitative variables are delicate. In particular, we ignore certain regulatory reforms given the non-availability of information. Further, we use generally law texts which only give information about the date of the requirement of the regulation reforms rather than the year of its effective implementation or its application. The most appropriate methods to overcome these two problems in our case are the Instrumental Variables (IV) and Generalized Methods of Moments (GMM) methods. In particular, we use Two Stage Least Square (2SLS), Two Step Generalized Methods of Moments (2S-GMM) and GMM Continuously Updated Estimator (FE-GMM-CUE)) 21 .
Furthermore, All our estimations with 2SLS, 2S-GMM or GMM-CUE method control for:
(1) Fixed effects FE (country and year dummies): Our motivation behind the choice to apply these methods with fixed effects instead to first difference is the characteristic of our sample, which is 19 These tests are: Breusch-Pagan Lagrange Multiplier test (B-PLM test), Hausman test, the "modified Wald test for group-wise heteroskedasticity", Wooldridge tests for serial correlation (see the diagram reported in the Appendix). 20 For space, we do not report the OLS and the robust Fixed estimations. We are limited here to provide the robust results obtained using the IV & GMM methods. 21 All tests, applications, description concerning these methods are accomplished in this paper basing on the works of Baum, Shaffer and Stillman (2003) ; Baum (2006) ; Baum, Shaffer and Stillman (2007) and Bascle (2008) . [16] strongly heterogenous as it includes both developed and developing countries 22 . In addition, as shown later, the inclusion of year effects permit to capture the evolution of broadband deployment over period 2004-2011. Further, Hausman tests applied to IV regressions reject its null that differences in coefficients of fixed and random IV estimators are not systematic meaning that fixed effect IV estimator is preferred to random effect IV estimator.
(2) Heteroskedasticity and autocorrelation robust to heteroskedasticity and autocorrelation 23 : Indeed, the Pagan-Hall IV heteroskedasticity test, formulated by Pagan and Hall (1983) 24 , rejects its null hypothesis that the errors are homoskedastic and the Arrellano-Bond tests for autocorrelation Arellano and Bond (1991) reject its null hypothesis that there is no first-order correlation between errors.
Basing on the econometric literature review and developments of Baum, Shaffer and Stillman (2003) ; Baum (2006) ; Baum, Shaffer and Stillman (2007) and Bascle (2008) , we summarize the differences between these estimators as follows:
▫ The 2SLS estimates are obtained by applying simple OLS on equation (4.2). If the standard assumptions on covariance matrix of error term of main equation (i.e. absence of serial correlation and homoskedasticity erros) hold, the 2SLS estimates are more efficient than 2S-GMM estimates, which are obtained with respect the violation of these assumptions. In particular, the 2SLS is none other than a special case of GMM estimator, that is considered the most efficient estimator if equations (3.2) are over-identified, the total number of observation NT is important enough (more than 700 observations), the errors are heteroskedastic and autocorrelated, there is a lagged dependent variable, and instruments are strong.
▫The GMM-CUE is a GMM applied to Limited Information Maximum Likelihood (LIML) estimator, which is an IV method that is based on Maximum Likehood (ML) function instead to basing on minimizing the sum of squares of errors terms (for example OLS method). The GMM-CUE estimator is shown better than 2SLS and 2S-GMM estimators if the instruments are week and the number of observations is low enough.
In general, the consistency of the estimations with IV & GMM depends on the goodness of the instruments 25 used for the endogenous regressors (the regulatory measurements). Therefore, we proceed as follows to ensure the consistency of our results: Firstly, we select the possibly instruments by referring to related literature and econometric theory. We use three kinds of instruments, (1) the lagged endogenous regressors which are usually valid instruments (see, Cameron and Trivedi 2005, p.743) . (2) the Political and institutional indicators: Related literature (i.e., Djiofack-Zebaze and Keck 2009; Friederiszick, Grajek, and Röller 2008, Cambini and Rondi 2009; Grajek and Röller 2012; Gruber and Koutroumpis 2012; Bauer and Shim 2012) suggest that political and institutional characteristics of a given country such that political orientation and ideology of political parties (right to left), independence of regulatory authorities and political systems (parliament, presidential,..etc.) are the key determinants of telecom regulation. In line with this empirical literature, we use the Worldwide Governance indicators, which come from World Bank data base 26 (3) the Internet users per 100 people: Reverse causality from market telecom 22 We are also try the difference GMM but tests show that this method is not appropriate. This may be due to the extreme heterogeneities of our panel. 23 Results for IV/GMM methods with clusters on countries are similar to those obtained with bw (2). For space, we do not report it. For further details about our methodology see the diagram reported in the Appendix. 24 Cited by Baum, Shaffer and Stillman (2003) ; Baum (2006) ; Baum, Shaffer and Stillman (2007) and Bascle (2008) 25 The instruments used must satisfy two necessary conditions:
(1) The relevance condition: Each one of instrument must be correlated with the endogenous regressors. A high (low) correlation indicates that the instrument is "strong" ("week") while no correlation implies that the instrument is "irrelevant". In general, the co nsistency of estimates obtained using the IV techniques depend on instruments 'strength. The higher the instruments' strength, the "higher" the consistency of the IV estimator.
(2) The exogeneity condition (also called "orthogonality condition"): the e vector of instruments must be not correlated with the vector of error terms of the model. 26 Data available at: <http://data.worldbank.org/data-catalog/worldwide-governance-indicators>. These indicators are constructed by Kaufmann, Kraay, & Mastruzzi (For more details, see Kaufmann , Kraay , and Mastruzzi 2010) . These indicators correspond to codes of replies on the quality of government perceptions according to selected citizen, number of enterprise, and experts. In particular, this dataset is composed from six political and institutional indicators: 1-Political stability and absence of violence/ terrorism, , 2-Government Effectiveness that measures the perceptions regarding the public service quality and degree of respect of commitment to policies performance to regulation implies that some indicators of telecom performance, such as the Internet users per 100 people, may be a good determinant of the regulation policies decided by the NRA (relevance condition). However, to ensure exogeneity condition, this variable must be not correlated with unobserved factors (error terms of the model) that explain broadband deployment. Diagnostic tests show that the "Internet users per 100 people" is a valid instrument for regulatory measurements in certain specifications (see next paragraph).
The Estimation Results and robustness checks
In this paragraph, we start by presenting our estimation results. Then, we interpret and compare these results with results of previous empirical researches. Finally, we check the robustness of these results by analyzing the results of the first and second stage diagnostics (i.e. the post estimation diagnostic tests).
Presentation of results
The aim of this study is to examine the role of regulation in driving or delaying innovation in telecom industry across the world. To this end, we fitted two sets of regressions. -The first one, which incorporates four regressions denoted A, B, C and D, has as goal to analyze both individual and global effects of regulation on telecom innovation. Regressions A, B, C and D differ on the regulation measurements considered. In regression A, we focus on the impacts of overall regulation while in B we are interested in the effects of each one of the following aggregated measurements: entry-regulation, market transparency and interconnection regime. The regressions C and D provide the specific impacts of the individual reforms. In particular, in regression C, we study the particular effects of each one of the following reforms: accounting separation, functional separation, Sub-loop access, Transparency of interconnection Agreements, Transparency of interconnection price, Status of SMP operator, Regulatory autonomous decision. In regression D, we add the rest of the reforms considered in this study (i.e., Infrastructure sharing, Full local loop Unbundling, Bitstream access, interconnection regime, square of interconnection regime). Table 2 summarizes, for each one of these regressions, results of estimations and post-estimation diagnostic tests -The second set of regressions that includes three models denoted I, II and III, examines haw can vary the global effect of regulation when isolating one or more groups of countries, each one has a common characteristic such as income level or appurtenance or not to OECD. In regression I, we interact the overall regulation and its square to dummy for country classification by appurtenance or not to OECD. In regression II, the overall regulation and its square are interacted to dummy that takes 1 if country is classified by the World Bank as high income country. In regression III, we interact the overall regulation and its square to dummies for different country classifications by income levels (low, low middle, upper middle incomes). Table 3 summarizes results of estimations and postestimation diagnostic tests for each one of these regressions.
implemented by the government , 3-Rule of Low, which proxy the perceptions regarding the applications of lows. 4-Control of corruption, which measures perceptions regarding the degree of control of corruption 5-Regulation quality, which proxy the perceptions of government ability to implement policies that encourage development of private sector. 6-Voice and Accountability, which proxy perceptions regarding degree of freedom of expression, associations and media. However, in this study, we do not use all these six above governance indicators. In particular, only Voice and Accountability and Regulation quality are used. Indeed, post estimation diagnostic tests show that only Voice and Accountability and Regulation quality are valid as instruments for certain specifications (see next paragraph). Further, we cannot use simultaneously these four governance indicators (Government Effectiveness, Rule of Low, Control of corruption and Regulation quality) as instruments for regulatory measurements in a same regression because, as shown in the following table, there is strong multicollinearity (VIF>10) between these four governance indicators:
[18] One -year lags of endogenous regressors, Voice and Accountability; Regulation quality.
One -year lags of endogenous regressors
Internet users (per 100 people);
One-year lags of endogenous regressors ;Oneyear lag of Regulatory quality; One-year lag of Voice and Accountability; Internet users (per 100 people);
First-stage diagnostics & post-estimation tests: (1) R 2
Overall F statistic [20]
20% maximal bias 30% maximal bias 10% maximal size 15% maximal size 20% maximal size 25% maximal size N.A. N. A. 19.93/8.68 11.59/5.33 8.75/4.42 7.25/3.92 6.46/N.A. 5.39/N.A. 22.3/6.46 12.83 /4.36 9.54/3.69 7.8/3.32 N.A. N.A. 19.93/ 8.68 11.59/5.33 8.75/ 4.42 7.25/3.92 6.71/N.A. 5.34/N.A. 24.58/5.44 13.96 Notes: In the first part of this table, we provide the results of estimations of each regression using respectively the IV-2SLS, 2S-GMM and GMM-CUE with fixed effects robust to heteroskedastic and autocorrelated erros. The statistical significance levels are presented by stars as follows: *** (significant at 1% level), ** (significant at 5% level), * (significant at 10% level), + (significant at 15% level). The robust standard errors are reported in parenthesis below the estimate coefficients. The second stage diagnostics of each regression (see section 4.4.1.1) show that all models are well specified and globally significant. In particular, the high level of R 2 show the importance of the contribution of the explanatory variables to explain the dependent variable while the high significance level of the overall F statics shows that all the coefficients of regressors are different than zero. In the second part of the table, for each regression, we provide the list of the endogenous regressors as well as the excluded instruments used in the first stage estimations. In the rest of the table, we provide the first stage diagnostics a nd the post estimation tests (see Box 3 for a description of these tests). The values of R 2 , the overall F statics and the F statics of excluded instruments, the AP Chi-statics, the AP F-statics correspond respectively to the first stage estimations of the list of endogenous regressors in the order followed in the table. For specification C, we also compute redundancy tests for a set of instruments for further checks about validity of our instruments: (1) [21] 
Estimation results: implications and comparisons
The exam of the first parts of tables 2 and 3 show that results not differ systematically across regressions and estimation methods used in this study. We can summarize the main finding in the following points:
The dynamic adjustment process of the broadband deployment
The coefficients of the lagged dependent variables (Ln(fixed broadband subscriptions) t-1 ), are highly significant (at 1% level) and positive across all our specifications, which is consistent with expectations. The magnitudes of these coefficients are quite similar across different regressions performed in this study (they are between about 0.19 and 0.25. Results imply that the investment in broadband has high persistent time effects. Broadband deployment follows therefore a long term adjustment process. The positive sign can be interpreted as follows: the higher the stock of broadband investment across previous years, the higher its current variation. More precisely, according to our estimations, a 10% increase in the current stock of broadband infrastructures lead to an average increase by around 2% in the next year. This result on dynamic adjustment process of telecom infrastructure deployment is consistent with related empirical finding that consider dynamic specifications (e.g., Li and Xu 2004; Alesina et al.2005; Heimeshoff 2007; Friederiszick, Grajek, and Röller 2008 ; Li 2008; Djiofack-Zebaze and Keck 2009; Bouckaert, Dijk, and Verboven 2010; Bauer and Shim 2012; Grajek and Röller 2012; Gruber and Koutroumpis 2012; Baccache, Brourreau and Gaudin, 2013; Nardatto, Valleti and Verboven 2014) .
The important contribution of the national income on broadband deployment
The coefficients of logarithm of per capita GDP are highly significant (at 1% level) and positive across all our regressions. These results are also consistent with expectations. Their magnitudes vary from 1.15 to 1.82. We can interpret this finding as follows: a 10% increase in GDP per capita leads to an average increase of broadband deployment by around 14% . This result shows the importance of contribution of national income in increasing broadband deployment in countries across the world. The integrality of various related empirical studies consider that income measured by GDP is the main determinant of telecom investment and share common result on strong positive relationship between income and telecom innovation.
The Population size is an important determinant of broadband deployment
The coefficients of logarithm of population size are positive but their significance level and magnitude respectively vary from 0.81 to 2.08 across different specifications considered. These results are consistent with expectations. This shows that the population is also an important determinant of broadband deployment. The higher the population, the higher the broadband subscriptions (cetirus paribus) and therefore the broadband deployment. Precisely, a 10% increase in population size leads to an average increase of broadband deployment by around 12.1%. This result on strong positive correlation between population size and broadband deployment confirms the finding of the previous empirical related studies (e.g., Martha 2005; Bauer and Shim 2012; Gruber and Koutroumpis 2012) .
[24]
The impact of the common unobserved macro-economic factors on the broadband deployment Results show high statistical significance for all trends of year dummies (see Table B in the Appendix). Specially, trend for year 2005 is positive and very high (more than 1.31) meaning that the common unobserved favorable macro-economic factors have contributed significantly to accelerate broadband adoption by a minimum average of about 131% relatively to 2004. However, since 2006, year trends became negative and decreasing (in absolute value). This may be due to financial crises of 2006, the United States American financial bubble of 2006 that propagates to overall economics across the world since 2006 27 .
The Impacts of the regulatory reforms on broadband deployment
Turning now on impacts of our variables of interest (aggregated and disaggregated regulatory measurements), results lead to three conclusions:
The regulation and broadband deployment: an inverted U relationship
The Overall regulation and entry regulation coefficients are highly significant (at 1% levels) and positive while the coefficients of both squares of overall regulation and entry regulation measures are highly significant (at 1% level) and negative (see regressions A and B / table 2), suggesting that the regulation-broadband penetration relationship is an inverted-U-shape. A direct mathematical interpretation of this result is the following: regulation is positively correlated with broadband penetration for low level of regulation and negatively correlated with broadband penetration for high level of regulation. This result confirms the previous empirical works that use measurements of competition (such that market shares of providers or number of operators) to measure regulation (e.g., Heimeshoff 2007; Li 2008; Briglauer, Ecker and Gugler2013) which support both the theoretical and empirical finding on inverted U form relationship between competition and innovation demonstrated by the economic researches (see, Aghion et al. 2005; Innui, Kawakami and Miyagawa 2008, Hashmi 2011; Aghion, Akcigit and Howitt 2013; Goettler and Gordon 2014) . In fact, our aggregated measurements of telecom reforms reflect the intensity of regulation required to incumbent firm in order to avoid its anti-competitive behaviors and thereby promote service-based competition. We can explain our result on inverted-U relationship basing on the interpretation of Aghion et al. (2005) and Aghion, Akcigit, and Howitt (2013) as follows: for low degree of regulation (therefore low degree of competition) , infrastructure owner escapes from competition by innovation (escape effect). After certain level of regulation and thereby competition, infrastructure owners' profits earned from broadband deployment cannot cover the costs of investment because the high level of competition resulting from severe access regulation policy yields on decreasing retail sales of infrastructure owners by reducing final prices (the Schumpeterian effect). However, our finding contrasts with the results of Friederiszick, Grajek, and Röller (2008) , Grajek and Röller (2012) and Bauer and Shim (2012) that show a strict negative impact of regulation on investment. However, we have some reproaches to these studies. Firstly, Friederiszick, Grajek, and Röller (2008) and Grajek and Röller (2012) do not consider a non-linear model to estimate the relationship between regulation and investment. Secondly, the closest study to our one, Bauer and Shim (2012) use limit number of observations (232 observations versus about 671 in our study) they not control for possibly problems of heteroskedastic and autocorrelated erros .
[25]
The Individual and the join impacts of regulatory reforms
Regarding the impacts of the access price regime and the square of access price regime, the transparency of access terms and the square of transparency of access terms (see model B / Table 2) , we obtain the following results. The coefficient of the access price regime is significant at 15% level but negative and the square of access price regime has significant and positive coefficient. These mean that the intensity of access pricing regulation is negatively correlated with broadband adoption: the lower the access price, the higher the broadband penetration and vice versa. Otherwise, requiring severe access price policy (e.g. LRIC model) undermines investment while less intense access price policy (e.g. price cap, retail minus,) or no control at all spurs broadband deployment. This confirms the result of Bauer and Shim (2012) and many other empirical works. Precisely, Chang, Koski and Majundar (2003) find a negative impact of access price on the share in fiber optic or digital lines in USA. Distaso, Lupi and Maneuti (2005) and Waverman et al. (2007) show that the access price (the price of local loop unbundling) affects negatively the broadband deployment measured by broadband subscriptions in Europe. Seo and Shin (2011) find that price cap regime has ameliorated the productivity of the USA telecom firms. Further, the negative and the highly significant coefficient of transparency of access terms show the negative effect of this obligation required to incumbent on broadband adoption. These results gives more explanation of the inverted-U-shaped relationship between broadband penetration and overall regulation: more extensive regulation such that requiring severe access regulation to incumbent operator such that a strong regulation of access price (cost based models such that FDC to LRIC method) and imposing the principle of transparency of access terms, or imposing to incumbent firm high intensity of entry regulation measure reduce broadband investment while a less severe regulation that consists to require to incumbent a moderate access price policy such that a price cap regime or to impose a limit number of entry regulation measurements seems necessary to foster investment in broadband networks.
These results are confirmed again by considering more disaggregated regulation reform measures (see models C & D/ Table 2) . Indeed, our general conception about the regulation-broadband adoption relationship is that a less extensive regulation stimulates investment while more extensive regulation impedes investment remain unchanged. Results show that Accounting separation, the weakest degree of separation, is positively associated with broadband penetration across different models considered while the more stringent degree of separation, the functional separation, negatively affects broadband penetration. For the unbundling policies, results show that only the coefficient of the most extensive unbundling policies, the sub-loop access is statistically significant (at 10% and 5%) level and has a negative sign, which confirms the results of Wallsten (2006) .
The impact of the overall regulation across countries classifications
Regarding the impact of the overall regulation on broadband adoption across countries classifications, we interact the overall regulation and its square with dummies for OECD countries (specification I), high income countries (specification II) and the Upper middle, the Low middle and the Low income countries (specification III) (see table 3 ).
Results of the FE-2SLS, the FE-2step-GMM and the FE-CUE-GMM estimations can be summarized in the two following points: o
The coefficient of the overall regulation measure is highly significant (at 1% level) and positive for OECD countries but negative, although not significant for non OECD countries while the coefficient of square regulation reform is highly significant (at 1% level) and negative for OECD countries but positive and statistically significant (at 5% level) for non OECD countries. Therefore, in OECD countries, the relationship between broadband penetration and regulation is an inverted-Ushaped while it is ambiguous in the rest of the world.
o
Specifications II and III provide more clarification and precision to identify this relationship across the world. Precisely results show that in high income countries, this relationship is an inverted U-shaped. In the rest of the world, this relationship takes U form meaning that access regulation has strict negative impact on broadband deployment. Indeed, coefficients of overall regulation are significant and negative while their respective squares are positive and significant, except those interacted with dummy of the middle income countries which have same correspond signs but not significant. This non-significance may be due to problem of week instruments for specification III (see the next paragraph). We explain this last problem by the important numbers of the endogenous regressors considered in this last specification.
Our explanation to these last results is the following: o
The non-significance of the coefficient of overall regulation for non-OECD countries casts doubts on the goodness of this classification (OECD/Non-OECD) to understand the impacts of regulation on broadband penetration across countries in the world. Precisely, this classification only permits to identify this relationship for OECD countries but not for the rest of the world. In particular, For OECD countries, this relationship can be described as follows: a less extensive regulatory policy stimulates broadband adoption while more extensive policy undermines investment in broadband networks. o
However, it seems that the World Bank classification by income levels is more convenient to clarify the regulation-broadband penetration relationship across the world. Considering the World Bank classifications, there are two cases. In high income countries, as noted above, the inverted Uform of the curve that depicts regulation-broadband penetration relationship implies that a less extensive regulatory policy stimulates broadband adoption while more extensive policy undermines investment in broadband networks. However, regarding the rest of the world, it seems that in these countries, the relationship between regulation and broadband deployment takes U-form which means that regulation affects negatively broadband investment. This may be due to the fact that in general the existent fixed broadband infrastructures in poor countries are not already sufficiently developed compared to those in more reach world and therefore regulation may discourage facility-based entry, which seems the sole solution to build immediately advanced network infrastructures in these countries.
Robustness of the results: post-estimation diagnostic tests
Results of diagnostic tests (see the last part of tables 2 and 3) permit the following conclusions for each specification considered:
▫
Chi-squared statistic of endogeneity test applied to the subset of endogenous regressors considered is highly significant (at 1% and 5% levels), which implies that the use of 2SLS/GMM methods as estimators is appropriate.
[27]
The overall F-statistics of first stage equations are highly significant (at 1% and 5% levels), which implies that the instruments used to explain the endogenous regressor are jointly significant. However, there are some exceptions. In particular, in specification III/ Table 3 , the F-statistic (equal to 1.33) of first-stage equation that explains the endogenous regressor, which is the interacted term of square of overall regulation with the low-income countries dummies, is not significant.
F-tests of excluded instruments reject its null hypothesis (F statistics are significant) which implies that the excluded instruments used to explain the endogenous regressor considered are relevant (except some exceptions in specification III/ Table 3) .
Both statistics (F and Chi-squared) of the Angrist-Pistache tests are significant, which confirm the previous results that the excluded instruments used are relevant and appropriate to identify the endogenous regressors considered. (except specification III/3, for which the Angrist-Pistache tests fails to reject its null hypothesis for some first-stage equations).
The results of under-identification tests are consistent with the conclusion of valididy of our instruments. Indeed, the Kleibergen-Paap rk LM statistics are highly significant (at 1% level), which indicates that the rank condition of matrix of coefficients of first-stage equations is satisfied and therefore the excluded instruments are relevant to explain the variation of the endogenous regressors.
The significant results of different redundancy tests applied to one or more specific instruments also confirm this finding on validity of our instruments.
The Hansen J test fails to reject its null hypothesis (high p-value of Hansen J statistic) which implies that the endogeneity conditions of instruments are also satisfied.
The weak-instrument-robust inference tests reject their null hypothesis (statistics F and Chisquared of Anderson-Rubin Wald test and chi-squared of Stock-Wright LM S test are significant) indicating that the instruments are valid and the endogenous regressors considered are jointly significant in main equation.
Despite that the weak identification tests of Stock and Yogo (2005) are not appropriate to study the strength of our instruments in our case (see Box N°3) because the critical values computed by Stock and Yogo (2005) require that both homoskedasticitic and non-autocorrelated errors assumptions are satisfied, the most considered appropriate statistics, which is Kleibergen-Paap Wald rk F statistics, are superior to critical values computed by Stock and Yogo (2005) . Nevertheless, to ensure more consistency for our estimation results, we always perform, for each specification, a GMM-CUE estimator which is considered the less sensible IV method to weak identification problem as noted above. The estimation results of this last method are very similar to results obtained using 2SLS or 2S-GMM, which confirm again the consistency of our estimation results.
To summarize, post-estimation diagnostic tests permit to conclude that our estimations are consistent . Indeed, our choice to estimate regulation-broadband penetration relationship using 2SLS/GMM methods with fixed effects and robust errors is appropriate, instruments used for each regression are valid and endogenous regressors are jointly significant in main equations.
[28]
Conclusion and Policy recommandations
In this study, we have investigated the individual, the joint and the global effects on the broadband deployment of the following regulatory reforms: access pricing regimes, unbundling and separation policies & the obligation of transparency of access price and aggreements, using an heterogeneous panel including both developed and developing countries over the period of 2004-2011and following a robust empirical methodology.
Results suggest that the relationship between regulation and broadband deployment is an inverted U shape in reach countries while it takes U form in more poor countries. This means that in the first class of countries, a low level of access regulation (leading to low competition intensity) spurs innovation in telecom industry while a high level of access regulation (leading to more competition) undermines investment in broadband infrastructures. In particular, no control to a less intense access price regulation that consists to apply moderate access pricing regime that offer certain access margin for incumbent firm such that price cap or retail minus permits to drive innovation while the stringent access policy which consists to require cost-based models (LRIC, FDC) impedes broadband deployment. In the same, requiring extensive unbundling policy (sub-loop access) as well as extensive separation policies (operational, functional or structural separation) undermines broadband investment. However, in more poor countries access regulation has a strict negative impact on telecom innovation. In fact, in these countries, the existent infrastructure networks are not sufficiently developed compared to those in reach countries.
Our analysis provides the following main policy recommendations for telecom industry development:
-Regulators in poor countries must immediately encourage facility-based entry by reducing or even stopping access regulation requirements imposed to incumbent firms (in general the owners of network infrastructure, the major suppliers) in order to promote foreign investments in telecommunications fixed infrastructures.
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